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(54) TRANSISTOR AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technique for reducing 
conducting resistance of a transistor. 

SOLUTION: In the power MOSFET1, a semiconductor material 22 of 
polysilicon in which a low-concentration impurity is doped is 
disposed below a polysilicon gate 27. Accordingly, a depletion layer 
is spread to the inside of the semiconductor material below the 
polysilicon gate 27 and the electric field strength becomes 
consistent from a surface of a drain layer 1 2 to a depth of the 
bottom surface of the semiconductor material 22. Consequently, 
since no strong electric field is applied to a certain depth 
intensively, the electric field strength is smaller and the withstand 
voltage is higher of the transistor 1 than a conventional device. 
Thus, since it is not necessary to reduce the impurity concentration 
of the drain layer 12 to secure a high withstand voltage unlike in a 
conventional device, the impurity concentration of the drain layer 1 2 
can be made higher and the conducting resistance of the transistor 
1 can be made lower than the conventional device. 
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E# 'J ~>U n>tcifr-2>y- h?L<h, 

mtey- hatartrasKfeBU me h u< >^chButa 

H9E¥WffSficoftlJES»*«««W*^^j«$n, i» 

E*«fftJ»tcjt"rsy- h?Lch, 

•way- h?L©rt«ffl^fi«b, mekh >s<hmjte 

E»»*««tv-x««ticM^TE«sn&y- h 

WEy— h*IMI«C?B»UTl»Ey- h?LrttcE«$ 

fc*a«©WE¥«K*atEo«ffit»iBEsnfc» i w«s 

B5Ey-h?L«, mE¥«ff«3K<D»fflt«»EiS?L<ort 

[w*3B4j WE¥»*»»tiinay--h«wittt, 

MEy- h*l»l»"T*l»*nfcCt*«r«tr-&HI*ai 

«JES»«««««^6, ME K U>r >«lc iff £i£?L 
«JE»?Lrtfc, jfflESITL<OlKffirt>6, MIBg*t«f8ffi« 



mEy-MB»«tB»-r-6j:5t. mEy-mrt 

MEy— K?L^^HOhuE¥*^SS^®(c, ^lil 
[0 0 0 1 ] 

— MO S F E T <h, ^-©SKiS^ffilCKI-rs. 
20 [0 0 0 2] • 

{ft&CD&Wj) m 1 2 , 013 CQ#-E§- 1 0 1 IC, fif*<D 
hl/>fi/W~MOSFET^t 0 0 1 3H 01 
2C7)X-X*I^M0T$>3 O 0 12,1 3fC*5(^ 

[0 0 0 3] CO/W-MOSFETIOKI 013 
3 fcl, N + ly'Jn>lSl l 1 _t\Z, N'MX. 
\Z$*i"r)Vmfr<ht£Z> KH >M 1 1 2 PfflfiOP 
-bodyffi«i i 3 t^Mi»:»fiESnT3&:-5*«#X«s 

30 [ 0 0 0 4 ] P -bodyfig« 1 1 3 Ktt, JSfflto* K U-f > 

■ 1 1 2 &T*m?&mm&&&<Dmrfm%imf$.2ti. *t 
n-en^stMc^if tca*ck5»cE«$nrtr^. m» 

f SWOP^fi^Kte, P-body^l 1 3C0»^ 
Bf«jRS^P*S!lt*««l 1 6^«$ntt^ a P* 

P-bodyffi«l 1 3<B*ffij&*6 KH>| 1 1 2{CitL 

&^as<oss*T, n*s©v-^i«i3o^»« 
[0005] fta^, »ort«ffiRVKffiic«y-ne» 

40 Mi 2 4##J5££*rr*5 0. y- MBit* 1 2 4 OSfiiB 
Ktt* ira^sai, -€-o±ffll^y-xffi«i 3 0(O 
TaSct o t>±ffltcffifi-rs«fc -5 tc* u > u ^ >y- h 1 
2 7«^nx^^o 

CO 0 0 6] #U->'J3>y~h 1 2 7CDJi«B«ztt, P 
S G (Phospho-Silicate Glass) 1 3 1 ffimtiSLZtl. P 
SGI1 3 1 ft*BT*«kifc A 

I ^6&5V-^«8I1 3 7A«»aSftT^*. #»J 
y U □ >y- h 1 2 7 i 1 3 7 PS 

Gii3i \z&r>xmM.mz'&m'znz>&?\zztix^ 

so ¥MS^<0gIl:tt, HH>Sill9 
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1 W^tlTt^, 

[0 0 0 7 ] C0J:^^K(7)/\ O 7-MOSFET1 0 

im y-xm*iigii 37<hh'K>ii i 2^^^ 
ic^mm^EnjfjpLfc^jiT, *u~>u^>y-hi 2 7 
iv-xw 1 3 0 ^(Dr^zmmmj£u±(DmE.^mu 

tf-bt&mmi 2 4<hP-bodyfi«l 1 3£CD 

[0 0 0 8 ] HI 3cD^^^CD«$fi(E)tim^^^^: 

MOSFET101 (DV—XMm 1 3 0 <7)^®£:IiC,&ch 
U ^Oj^£^£N-3k i >'U ^ >XJ& 1 1 llc^Bfcit 

[0 0 0 9 ] HI 1 3 «Y- Ym^s V — Xfli* 1 3 Ort 
G>-jSW*fc, P*ffltt««l*l 1 6ft»6r, P-body 
Attl 13iFK>Il 1 2tS:I-3TN*SyUa 
>1S1 1 1 KSBfc»T*»#*SbT;fcO* Bl 3 
+ OSftU*(b)H, ^<0Y-Y«±©&S£«»3SjK<D 

[0 0 10] t^gE^il 3 ^Tck-plCP-body 
MU 1 3 tHK>il 1 2.!:tM$n^pn^ 

^tf^'&ieite, /t7-MOSFET10 1cDi|Ifi 
[0011] 

b5>iS7>&<Dmmi&tnRoH zztrnztt 
LT/h$< tsct^piffitfesassiffiitsc chic 

[0 0 12] 

\Z. m&m 1 Ett<B«9)fcL h7>yX^^9T, ffi 
n, WES l««S<htiS^S«*l?T*S»2 2»«S 

Hrt^-SBicKBan* mzm2mmm<D^f%zvo%}n$: 
MttM^ 6*jBfi$n, we* u > u n >£ie-r*y- 

HtS9ES*ti»««S*ty-XSB«(hJcM^TiB«$n 

ft, Huiey- ha«c««Lfcffi«o»E*w#a«^a 

®«C^«$ftfc» 1 *Hffl(DV-*««££«-r4C:£ 



•Milt WEy-hlft*llTW»Sftfc^i:ft«r« 
tt^ B*:E3E«tf>369ite* ilSii(DFH> 

■ t. hueku-t >ji±»cB2s$ft, tnEmi^m^ j <h 

tt»ftSW*ST**Sg2*ma!OJEJ#«fl«« < !:&* 
ft, W»K:S£JB*»«T#*i5fc*jSSftfc*Wf*: 

an, «rE*»#««B»ca-r*y-h?Li:- WEy-h 

tuEy- hlfi»R»cj6*LTmEy- h?Ll*]tcgeM£ 

ft, »E*w*«»t«itan&y-h«aait. die 

ttfitt. #JE**#S«coStrES»*««««I^ 6 jf&j* 

an, MEKu^>»rt«^a-r*ai?L©asaca5aia 
ft, mEy-nua, mtz*mmm<Dmw£MmmiL 

«<&5EWfcJ:, gj}^3E*coh7>vX^T*oT. mi 

E*»M»ti»Ey- niittt, MEy-ne» 

UOHt, i«EKK>I±(:Efi$n, mfESB 1 * 

EKUO^fCjt-r^^TL^r^jBKt* Slgi, A9E83L 
fife, MEi£?L<7)j£M^6, HEK»#«««STjlL 

^b, K*aw*»»«H tmEisatTWj* an y- 
fiic WE»iw«ai(05f:*E«^a«anfcy-h«ai 

I^Mt^Igi, WrEy— h?L<^«H©mE*aM*: 
Sffi^ffit;, ^l«m^<&V-Xffi«£^/*T*XJi<h 
Z1i-?Z>C£$:ftWL£TZ> 0 W*3S6E«605B«tt. If 
*«5E*Oh7>^^wS(ig^ffiT*^T. l»E¥ 

40 H9E^2was^*««i«:^"r^)# , j ->u 

[0013] *%0^c7) h^>s;x^»c«fcn«, y-h« 
«^rtWfw^«[$nfcy- h7L©T*^ti, 
tr# , jvU3>^E«anTvi-&. z.<Dtz$>. Q^mte 
y— hiffiT*^*u v-u=i>^jic^-r^$n. K*f 
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[0 0 14] fcT, 8e3fcOJ:5KBtiiHEE€rfll«"r* 
GOT, KU^>B©3FMW»fe«rtt*JCjtLTja!<-r* 

[0015] &tz. *f&$\<Dm<ob7>zsx?\z&n 

[0 0 16] zntzito, S2itt, K»*«S<S«a> 

[0 0 17] Z<Dt£#>* ^'Jy'J^yf^y-KlIi 
[0 0 18] 

Jfi©*lfiKt3^Tia9H"r*. H 1 (a)75SH7 

(u)*#BBLT, *^^»l^M/>fiA7- 

[0 0 19] ^-T, t&tii&tfO . 0 0 3 Q-cmC^N * ->>J 
3>I«1 1 Oliii:, JP*1 8. 2wm(DN-iX 
tf^ + v'^^H^S&S KH >Jf 1 f&m 
itmmZLT. KUOIB 1 2O±*BB^Si0zR4 5ft 
jaULfctft. -£-CDSi0 2 Jg|4 5^1THW>11 2rt 

i*is<7)*ffiifi<jzpaaAB4 i«$n6(ii 

(a)). *^T, MIt^^PittAi^KK>I 

1 2rtCML, HH>11 2(D»bl. 2^m ao 

(Dm^^\ ps<op-body««i 3#*jBjtan6(H 

1 (b))o 

[0 0 2 0] -^^Slc. IHBfi(^B8P 1 5#f3f 

1/'^ h«14 6»iSL(Bl(c)), ^©SBP15^ 
6, P-bodyffi«l 3rt(C#PW:*>(B*')£ftA-f 
St, *fflfitf>P*S!ffiAJB 1 9a<«ft»dc3tt3(EI2 
(d))o 

[0 0 2 1 ] MS 1 4 6|»Sl/, JKWEHT 

SiP^aAil 9^P-bodyffi«l 3 P^TTte^U. so 



P-bodyfig« 1 3<D%mfr*>* 1. 0 umfljg00i£2 

ic, i»ft©p*a!it«««i 6*<a»*j«*ns(ia2 

(e)). cne>C0P-Si£»«*l ettSWcspfrKftS 
[0 0 2 2] -£-<0^ ^®fCCVDffiTSi02JKl 7 ftfifc 

m(i2(f)) 9 *^T\ Iiii:R«tSP^JS« 
xA hil 8£Si0 2 Jil 7<0«lB^»ric-r-5(H3 

(g))o 

[0 0 2 3] ^i:, Uv>A Hi 8ftTX^fCLxTSi0z 
117^X 7 f>^lT, P-body«g*l 3<Z>^ffi£8 

U S1O2MI 7 fcvx^KLTP-bodyffltSl 3&tfK 
U-f >JI1 2 SrXyf>^t 3<h, S1O2MI 7^bP- 
bodyM^ 1 3 ftgjl IT K K>112 £Tii"r*#rffi 

^»t?*b*(ojs7l 2 o^aa^$n5(@3( i )). 

Cn6<D?£7L2 0H. E<^C¥fTKft*cfc5lC¥*#S 

>ii2co±^fpT^t:{iil, *«#Sfi08I^ 

[0 0 2 4] S1O2MI 7 V>mWfr <Z>mi2 0(D 

nfc#u->U3>»Bi2 1 T«$n^(m4 (j ))<, 

[0 0 2 5] ^tC, ^'Jy'j3>»i2 lC0X-/^>y 
«rflW£«FMfT^ ¥*#X«±©# U S'U 2 1 

4r»56-rsi:*t, mi 2 OrtfcttzRU ~> U >iWH 2 

T^7L2 0ftl:i8ffbfc*'J y'J3>»W:<fcO, 
«<0¥«MA2 2^i«Sn5(H4(k)). CCD^^ 
#»»2 2ttWT«lft»rtan, S0WCTfT«C3ic-5J: 
StcBBBSn*. Sfc, *»*tt»2 2 0«IH h> 
-f >JI 1 2CD^B<fc9t>T:£K&BLT*5rK ^RUCfct 
*aW*S««BH*^ 1 . 6 xim<&S£tCffi«LTlri£. 

*i#»fi2 2 0«Bt, i?L2 0(DW 
M<hT^^an-5?LtCctO, *%m<D?~ V112 3#« 

^n^ 0 coy- h?L2 3d am 2 o «s 

fttJgflE^nsCiJCtt*. C(DttffiT«y-h?L2 3 

[0026] fmitmmznvt. ¥*#s$o 
*mmm2 2*<sftan, y-b?L2 3ort»6 
«;j»$ns(i2i4 ( 1 )). 

[0 0 2 7] Si0 2 Ml 7<0»ffi^e>y- h?L2 

vzi>mm2 6*mm$i*:z>£, y-h?L2 3P^g&«, 



7 



%M2 001-244462 

8 



(m)) 0 

^msBsrafr^, Sifojsii 7±co*g->'jn>»K2 i 

s9«S±»c|»*an, y-h?L2 3rtl:i8#Lfc«*Tx 

uft* >j »j 3 'j u 3 >y- h ra 

^2 7t:^t(i5(n)), ^©#'J->Ua>y-h2 7 

1 2^gIJ;r)feTJ(:fellTl^, 10 
[0 0 2 9] SiOz^l 1 7 «:Iyf>y • B&^L 

TP-body<S«l 3tf)S®£8ftL(|g!5 (o)), 

nfcU>**M*2 8£*j3t"r*(B6(p)). £ ft 6 <OM 
□ 4 7^611 P*^t£*iS«l 6 iP-body««l 3 

[0 0 3 0] k^MI2 8g7^{r|:LT, 

P-body««l 3*ffiJw8t*-f *>(A s + )^At^) 
<h, HD4 7^bgffinP + iteM^l 6 iP-bod 20 
y««l 3CD-^(CN + ^A^3 9*«»)S3nS(B6 
(q))o 

[0 0 3 1 ] bJH2 8 £&S£U 

fT?£, N*faAi3 9#P-bodyffi«l 3 f*jT*£f& 
y— h?L2 3/^ScOP -body®i^ 1 3 0>Xffij5*S 

«3 0*«»««4ns(B6(r)). cne»©v-^« 
[0032] &\z, ¥m&m&±miz psgi3i^ 30 

m^Tzmz. l/yXh!3 2^WL, !/yXh!3.2 

^3 o©-«*«ainifi©(iiP3 5ta»*fiicT* 

(H7(s)). 

[0 0 3 3] tOi, hSI3 2 ^^CLTP 

SG!3lS:X7f>y*li*£U PSG131»I 
mnttfel:, P*ffl»HMW«l 6tV-X«« 
3 0O— fflSltfflS-&S(H7 ( t)) 0 irMtCA 
1 »R*«»ft"e«fiEL, 7-X1SI3 7ft#j*U£ 

figU H Wf>««K9 3*J5lcK"r*C<t«CJ:0, II 7 
(uJCSU^ft/^-MOS FET«^n^ 
[0 0 3 4] u^ck^^iSO/^-MOSFETlT 

V-XlII 37iKH>112 t<DWzum& 

«3 0iom^H««ffiJBi±©«ffiftaiiiD-r«>iS:, y- 

h»»Bl2 4tP-body««l 3®»iB«CK»EJi^*fiE 
[0 0 3 5] U8 (b)CD^^7(^«l*(E)Hm^^c7) so 



*#££^LT*5 0, «|fc(y)ttU El 8 (b) fcSLifc/t 
7-MOSFET 1 OV-7««3 OOSffiSHjSi: 

[0 0 3 6] mS (b)OB-B|?[l V-XM3 0^ 

o-j&36^, p*stt*««i-6fta&-r, p-bodyM 

«13tHK>Il 2 ch^ii^TN + ^v'Un>S« 

ntS(a)H ^-cOB-BaioffiBtmJHSKOHWS 

[0 0 3 7] *ilM(?)A 0 7-M0 S F ET 1 
*Uy»j3>y-h2 7©T*lcy-ht6i»JR2 4^^ 
LT*iMt*2 2^EiSnt^50T, *'JvU3 
>y-h2 7©T*©**ff«3|Bj2 2rtJCfefflZJB*«^ 
rfc^na, :ni:J:0, P-bodySI«l 3tKK>i 
12tOJHBd^, 2 2(7>JS®*"eo*»3* 

[0038] z<Dtz&. '&m<D&?iz$ik*to\zftm<z>&i 

i;«ffiSHllDbfc»-&fctt, P-bodyffl«l 3tHH 
>112iOW^, ¥8I#«»2 2©JEESTfc 

[0 0 3 9] ZLoLTmj£tim<teZ>Z£\Z&r), 

-ojii 2©^«*«afti«<-rsc:t^Tf€r-&. 

T, fiESfcKJtLT* /W-MOS FET 1 CDa»i§ffiSiR 
on S:/h$<TS^t^5. 

[0 0 4 0] /17-MOS FET 1 (^¥M^i8 (a) 
IwKto ft*** ^8 (a)lc«V — X*SJK3 7«S*U 

M^n, S^l:R»nPSGl3 1 (OmoffiMfc 

xh7<^p + M«i 6«$n« 
p+mfcmmi&i e<Dmm\z\t, y-7»«3o^ 

[0 0 4 1 ] *HMl(7)A B 7-MOSFETl 
0 8(a) C^t J; e> h 7^ ^©SSI 

<0¥®«igteEl8 (a)0«igfcBg^*r, «*.tfH9 (a) 
(D^F-§-5 1 IZ^t^olZ, 7 i -h?L2 3^«@«(:M 
IT, ^©y-Mi2 7eMl, y-h«ffi2 
7TH*nfc&««^«C, Si*ttoy"7(Mt3 0fc 

j&tfLis* §y-^««3 0©ti^ sr^p + iM 

[0 0 4 2] H9(b)©«F^7 1 {Ct<Z>¥ia«lil 

'Jy'jD>y-h2 7£Htf>&2^ ^Uy'j3>y- 



9 



(6) 



2001-244462 

10 



bmmmm 3 i &mf&L, y— vwmwm 3 1 om 

[0 0 4 3] B10(a)ll B 9 ( b) (DC - C 81 St B El 
B10(b)H i9 (c)©D-DS»rS}EIT* 

HE^JdSWetlfc-ir - h««SBJ»H 3 1 TS^£» 
M^nwSOT, y-h»KIE»JB3 lfc*JE*Bttn 
-r^^thT. ±T^Uy'j3>y-h2 7»cm/££3J 10 

[0 0 4 4] £blC, *^«Oh7>^^i:LT 

U3>Ifi 1 1 KttATP + ^0:xU =3>S« 11'* 
/fH>££<hT*Wc$n£ I G B T (Insulated gate bipo 
lar transistor) 9 1 IZ hMffl 'oIe&~C'£> -6o 

[0045] *st>fi*»Ttt, N§y£fgi^m^ 

tU PM£fg2*«Sj£:LT:fcg. p^^m^i 
[0 0 4 6] Sifc, 7 £bTA lBttffi 

[0 0 4 7] Sfc, ±»©SI»»!KT?ttlf^'rn 

[0 0 4 8] ^bL **Jfi«IST«\ 2 2 

£LT. 'J ><*>(P*)*<F-:/3nfc3RU f>»j3> 

[0049] *fc. y-h«ffijKchUT3Ku>''j3>y 

t\ ^^y-HCjgJELTfcJ;^. P-body 

1. 3 LTt^^ *5£WlZZtHZ 40 

[0050] £tz. y-h'&mmi 9tuty«j3>B 

[0 0 5 1 ] 

[589!<Bj»*] A7-MOSFET«)BE6«<l/T, 



[Hffi<Z>fff»tttt9i] 

[Ell] (a) :*«W<0-jag»!|^7-MOSFE 

(b) : ^©8StOIg^t5Br®0 

(c) : *<D«*©iitKWT<5(riiB 

[H2] (d) : -tOjBt^coiaSrKWTSWffiia 
■(e) : ^(B^£<Bxa£KWT*»rHei 
(f) : -?-OJ»€rcDX5S«:lttWrs»T®EI 

[03] (g) : ^<^£(DXa£I^T3f|frIS0 
(h) : *0«*©XS*KET*lttffiH 
( i ) : ^<Dtt€r<BXa£MW-r*»f®|g| 

[04] ( j ) : -eojfiS^OXaSrlttBJ-r^BfrSS 
(k) : ^CD^€cOX^*l%s^-ra^®0 
( 1 ) : -t©*fr<OXatKWr4IRffiH 

[0 5] (m) : ^<^^tDia£t^T££frcg0 
(n) : -5-<73«8#C0Xa€:K^-r«>»r®EI 

(o) : ^(Dm^^nm^mmt^mmm 
[06] (p) : *&im€<DXM$:mw-rz>mmm 

(q) : -t©«€ra>xa&lft§8TS»ffiia 

(r) : ^(Dm^cDnm^mm-r^mmm 
[07] ( S ) : -t<&tte®xfi£ttW"r*»rffiia 

( t ) : f(Dgjt©IiS:|)l«n»SB 
(u) : f^tOTg^tSW^WI 
[08] (a) : *^(Z)-»l£7)/W-MOS F E 
Tcd¥®0 

(b) : *^0-Iffiil(?)A7-MOS FET^ 
-r^SrrJD0 

[09] (a) : ^^BjcD^O^^^CD/W-MO S F 
ETtf>^M[Ij 

(b) : *5B*0-tOffiO*)lS*ll!lO/t«7-MOSFET 

[010] (a) : *»q«0-t<7>ffi(0*)fi«!B(0/^»7--M 
OS FET^tSS 1 C0^f®gj 
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